Ciprofloxacin is generally well tolerated; the most common adverse effects include gastro intestinal tract, central nervous system and hematological system effects. Recently rising cases of Ciprofloxacin associated toxicity have been reported. Experiment using animal models and clinical experience showed that Ciprofloxacin induced cardiotoxicity is marked by increase QT and QTC interval and prolonged action potential duration. This increases the risk of arrhythmia (tosarde de pointes). Ciprofloxacin induced cardiotoxic effect could be associated with blocking cardiac voltage-gated potassium channels particularly the rapid component (IKr) of the delayed rectifier potassium current. Drug interaction with inhibitors of Cytochrome P450 (CYP) mediated metabolism could be one of the underlying mechanisms. Several cases of Ciprofloxacin induced hepatoxicity have been also reported. These were characterized by extensive hepatocellular necrosis, mixed inflammatory infiltrate and abundant esinophils in the liver. Elevated liver enzymes which include serum aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, and gramma-glutamyltranferase and prolong prothrobin time were reported. The hepatotoxic effect of Ciprofloxacin as reported could be due to oxidative stress induced in the liver by Ciprofloxacin through the generation of oxidative radicals leading to depletion of protein content in hepatocytes as a consequence of nucleic acids diminution and DNA damage. This may lead to significant decrease in the number and degeneration in mitochondria which is responsible for energy supply. Conclusion: Ciprofloxacin induced cardiotoxicity and hepatotoxicity is relatively low in humans but patients' liver and cardiac function may be considered before Ciprofloxacin use.
Introduction
Ciprofloxacin is a second generation fluoroquinolone with a broad spectrum of antibacterial activity. It has a good bioavailability after oral administration, good to excellent tissue penetration and is relatively safe [1, 2] . It is very active against wide variety of pathogenic bacteria including some gram-positive and most grain-negative organism. It is used in a variety of human clinical infections like urinary tract infections, bone and soft tissue infections, respiratory tract infections, sexually transmitted infections and gastro-intestinal tract infections [3, 4] .
Ciprofloxacin exerts its action by blocking bacterial DNA synthesis through inhibition of bacterial topoisomerase II (DNA gyrase) and topoisomerase IV. Inhibition of DNA gyrase prevents the relaxation of positively super coiled DNA that is required for normal transcription and replication [5] [6] [7] . Inhibition of topoisomerase IV interferes with separation of replicated chromosomal DNA into respective daughter cells during cell division [8] .
Ciprofloxacin is generally well tolerated; it remains one of the safest of all antibiotics with remarkably few reactions [9] . These reactions include gastrointestinal tract, central nervous system and hematological system effects [10, 11] .
Recently there are some reported cases of Ciprofloxacin associated toxicological effects in humans and animals. Ciprofloxacin associated hepatotoxicity as reported by some authors manifested as hepatic failure, hepatitis, cholestatic Jaundice and acute liver injury marked by elevated level of liver enzymes [12] while Ciprofloxacin induced cardiotoxicity was reported to be associated with associated with increase QT and QTC interval, action potential prolongation, decrease heart rate and torsade de pointes [13] .
Furthermore, some of these associated toxicological effects like hepatotoxicity, phototoxicity, cardiotoxicity and tendinopathy have led to the withdrawal of tema-
Ciprofloxacin Induced Hepatotoxicity in Humans and Animals
Humans: Hepatotoxicity associated with Ciprofloxacin has been observed by some authors in patients treated with therapeutic doses of Ciprofloxacin. Reported Ciprofloxacin induced hepatotoxicity in most patients was characterized by elevated levels of aspartate aminotranferase (AST), alanine amino transferase (ALT), alkaline phosphate, bilirubin and leukocyte. Biopsy revealed infiltration of portal tracts by a mixed inflammatory infiltrate with permanent esinophils. Hepatocytes were markedly swollen with cell necrosis in the mid and peri-central zones [16] [17] [18] . Labowitz and Silverman (1997) [19] reported cholestatic Jaundice induced by Ciprofloxacin with no hepatomegaly or splenomegaly. Laboratory investigation revealed elevated levels of total bilirubin, direct bilirubin, alkaline phosphatase and aspartate aminotransferase. Prothrobin time was prolonged. This report agrees with other finding [20] .
Cholestatic Jaundice was also repeated with repeated administration of Ciprofloxacin. In a study, 1.9% of patients taking Ciprofloxacin showed elevated SGPT levels, 1.7% had elevated SGOT levels, 0.8% had increased alkaline phosphatase levels and 0.3% had elevated bilirubin levels. Jaundice was transient and enzyme levels returned to reference range [21] .
It was also observed that Ciprofloxacin induced liver injury was marked by elevated liver enzymes. Biopsy revealed extensive hepatocellular necrosis involving zones 3 and 2 of hepatic acini and a mixed inflammatory infiltration containing abundant eosinophils [22] . This report was supported by other observations [23] [24] [25] . Other cases of Ciprofloxacin induced cholestatic jaundice were also reported by other authors [26, 27] .
Furthermore, Ciprofloxacin induced acute cholestatic hepatitis associated with abnormal liver function test and fulminant hepatic failure marked with extensive centrilobular necrosis of the liver was also documented [28] [29] [30] . These reports agreed with reported observations by some scholars [31] [32] [33] . Due to reports associating Ciprofloxacin with hepatotoxicity it has been listed as a potential hepatotoxic agent [34] .
Animals: Hepatotoxicity associated with Ciprofloxacin has been reported in experimental animal studies. Nordman et al. (1989) [35] evaluated the cytotoxicity and uptake of Ciprofloxacin in primary cultures of rats hepatocytes. They reported that Ciprofloxacin at 200 mg/l was found to be toxic to rat hepatocytes.
This report is at variance with the report of Basaran et al. (1993) [36] who evaluated 20 and 200 mg/kg/day of Ciprofloxacin on liver function. They observed that Ciprofloxacin produced no significant histological changes in the liver. It was also observed an in-vivo genotoxicity study that Ciprofloxacin administered to rats and mice orally and subcutaneously respectively produced no hepatotoxic effects [37] . In another in-vivo study Ciprofloxacin produced significant enhancement of lipid peroxidation and alteration of glutathione redox status in hepatic tissues in rats [38] .
Channa and JanJua (2003) [39] reported that Ciprofloxacin administered during gestation caused highly significant decrease in fetal liver weight. Severe liver damage, marked by dilated sinusoids, pyknotic nuclei within hepatocytes, decrease in hepatic nuclear size, decrease in hepatocytes number and few distinctly visible nucleoli hepatocytes were observed. Lymphocytic infiltration and degenerating cells were observed to be markedly increased in zone 2 and 3 in the liver of the fetus. This result agrees with the findings of Minuk et al., (1997) [40] who found that quinolones antibiotics inhibit eukaryotic as well as prokaryotic cells growth and protein synthesis by interfering with DNA and RNA replication. Similar observation was reported by other researchers. An observation by George et al., (1988) [41] supported the above reports. They found that in Ciprofloxacin treated liver there was marked congestion of sinusoids with midzonal and centrilobular necrosis and leucocytic infiltration. Nadia, 2006 [42] reported that administration of therapeutic and double therapeutic doses of Ciprofloxacin (57 and 114 mg/kg) in two periods (pre implantation and post implantation of pregnancy) induced various changes in liver of pregnant rats and their fetuses. These changes varied from dilatation of hepatic portal vein and sinusoids, increase in Kupffer and inflammatory cells, degenerative alterations and massive number of lymphoid cells aggregation in the portal area. Degeneration progressed to necrosis and pyknotic nuclei, and focal fibrosis. In addition, the liver of the fetuses showed fatty changes, haemolysis of the blood in sinusoidal spaces and severe dilatation of central vein with focal hemosiderosis, necrosis and pyknotic nuclei.
On the other hand, contradictory results have reported the safety of Ciprofloxacin on the hepatic system. For instance, Keita et al. (1998) [43] found that Ciprofloxacin administered at a dose of 100 mg/kg, improved survival rates and hepatic regenerative activity in a rat model with hepatic failure. Minuk et al. (1995) [44] and Zhang et al. (1996) [45] reported that Ciprofloxacin reversed the inhibitory effects in ethanol and carbon tetra-chloride induced models of hepatic injury.
Mechanism:
The mechanism by which Ciprofloxacin induced hepatotoxicity is not well understood. Some researchers suggested that free oxidative radical generation could induce oxidative stress in the liver leading to organ damage. This is supported by reported increased in lipid hydroperoxide (LOOH) in the liver of mice by Ciprofloxacin which is a marker of induced oxidative stress in the liver. Oxidative stress induced by Ciprofloxacin in liver of mouse was decrease by ascorbic acid probably by inhibiting or decreasing oxidative radical generation by Ciprofloxacin in the liver [46] . Gurbay et al. (2001) [47] reported that a six-line 4-POBN/radicals adduct was detected when rat hepatic microsomes were incubated in various concentrations of Ciprofloxacin at different time intervals in the presence of 4-POBN and NADPH.
The formation of free radicals by Ciprofloxacin in the microsomal system might provide an explanation for the mechanism of adverse effects observed after administration of this drug to patients. The mechanism of radical formation by Ciprofloxacin might be a result of metabolism of this drug by Cytochrome P450 and/or redox reaction. It was reported that the preferential zone-3 distribution of hepatic damage, suggests a possible involvement of the Cytochrome P450 enzyme. This enzyme activity is highest in zone-3, and it has been shown that Ciprofloxacin suppresses relevant Cytochrome P450 at the transcription level [48] .
Furthermore the generation of oxidative radicals by Ciprofloxacin may lead to depletion of protein content in hepatocytes which is a consequence of nucleic acids diminution and the damage of DNA. This may lead to significant decrease in the number and degeneration in mitochondria which is responsible for energy supply [49] . This statement is further supported by the fact that Ciprofloxacin antibacterial activity has been ascribed to DNA binding, resulting in a marked inhibition of bacterial DNA topoisomerase [50] [51] [52] .
Ciprofloxacin is still an effective and safe antibiotic, however, clinicians should be careful about Ciprofloxacin related hepatic injury, the consequences can be severe. Patients' drug history and liver function test may be required before Ciprofloxacin use.
Ciprofloxacin Induced Cardiotoxicity in Humans and Animals
Animals: Experiments with animals have shown that Ciprofloxacin has the potential to induce cardiotoxic effect. One of these experiments showed that Ciprofloxacin induced changes in electrocardiogram (ECG) in guinea pigs [53] . Ciprofloxacin induced cardiotoxicity was reported to be marked by increase in biomarkers of cardiac function [54] . In myocardiac evaluation of Ciprofloxacin in Juvenile rat and the role of oxidative stress in heart toxicity, 25 and 50 mg/kg of Ciprofloxacin was administered to rats for 1 week and biochemical parameters, including malondialdehyde and nitric oxide were evaluated. Result showed that Ciprofloxacin might have caused myocardiotoxicity in these rats by inducing oxidative stress in the heart and nitric oxide may be partly responsible for this toxicity [55] .
This is supported by a study conducted with an anaesthetized rabbits in which Ciprofloxacin (1 -30 mg/kg) caused a transient dose-related decrease in heart rate, but after a dose ten times higher (300 mg/kg) ventricular tachycardia and arrhythmias were also observed. Although weak evidence linked Ciprofloxacin with QT mediated arrhythmias [56] . It was also reported that administration of (20 mg/kg) intravenously in rats significantly increased QT and QTC intervals [57] .
Some recent studies have demonstrated comparative risk of Ciprofloxacin with other fluoroquinolones in guinea pig isolated right ventricular myocyte model. It was observed that Ciprofloxacin and Levofloxacin similarly prolonged action potential duration by 0.6% -3.3% [58] . This agrees with the finding of Partmore et al., (2000) [59] who reported that Ciprofloxacin significantly prolong action potential duration in left and right ventricular purkinje fibres isolated from canine hearts in a concentration dependant manner. This is further supported by the ability of Ciprofloxacin to significantly induce QT interval and action potential prolongation with early after depolarization and torsade de pointes effect [60] .
The effect of intravenous (10 mg/kg) of Ciprofloxacin on the electrocardiogram of healthy dogs was evaluated, insignificant changes were observed in QT, QTC, PR, and QRS interval, heart rate, ST segment and T wave amplitude. Despite the occurrence of ECG changes following intravenous Ciprofloxacin administration neither dangerous rhythm disturbances nor serious ECG changes were seen in this study [61] .
Humans: The cardiotoxic potential of Ciprofloxacin has been reported from clinical experience. In a more recent report Prabhakar and Krahn (2004) [62] recorded marked QT prolongation with recurrent syncope and documented tosarde de pointes requiring defibrillation in two female patients following Ciprofloxacin administration. In both cases the QT normalized after cessation of Ciprofloxacin. Ciprofloxacin has also been linked to some cases of serious QT interval lengthening and tosarde de pointes [63] . This is at variance with some observations. In a prospective evaluation of 38 patients, 23 women and 15 men who received either Ciprofloxacin or Levofloxacin, it was observed that neither Levofloxacin nor Ciprofloxacin Ciprofloxacin Cardiotoxicity and Hepatotoxicity in Humans and Animals Copyright © 2012 SciRes. PP 210 significantly prolong QTC internal over baseline [64] . Knoir et al., (2008) [65] reported that a pediatric patient with Crohns disease and colitis developed a prolonged QT internal and slow heart rate within 48 hours of treatment with intravenous Ciprofloxacin 400 mg twice daily. QT internal returns to normal when Ciprofloxacin was stopped.
This agrees with the findings of Nair et al., (2008) [66] who reported that a patient receiving methadone treatment developed prolonged QT interval and torsade de pointes following the addition of Ciprofloxacin. Methadone is also known to be associated with tosarde de pointes.
Another case of prolonged QT internal and tosarde de pointes due to Ciprofloxacin was also reported, which was marked by polymorphic ventricular tachycardia and long QT (QTC 596 ms). After 72 hours of withdrawal of Ciprofloxacin, the disappearance of changes in cardiac repolarization was noted [67] . This agrees with the report of Flanagan et al., (2006) [68] who observed tosarde de pointes, polymorphic ventricular tachycardiac associated with QT internal prolongation caused by intravenous Ciprofloxacin given for pneumonia in a 22-year old healthy marine.
A patient was diagnosed of tosarde de pointes which electrocardiogram revealed severely prolonged QT internal; it resolved when the administered Ciprofloxacin was withdrawn [69] . A case of Ciprofloxacin induced bradycardiac was also reported [70] . Konstantinos et al., (2006) [71] reported a case of QT interval prolongation after Ciprofloxacin administration in a patient receiving olanzapine. A similar case of QT prolongation was also reported when Ciprofloxacin was administered with azimilide in a patient with implanted cardioverter defibrillator [72] . These reports agreed with some observations [73] .
Ciprofloxacin was reported to induced cardiac arrest by QT prolongation (QTC = 0.62) within 24 hours with documented syncope. The patient was under amiodarone and sotalol therapy for atrial fibrillation with no obvious QT prolongation prior to Ciprofloxacin therapy [74] . This is at variance with the findings of Noel et al., (2003) [75] who posited that Ciprofloxacin produced insignificant increase in QT and QTC interval when a single dose of 500 mg was administered to healthy adult volunteers.
Furthermore it was reported that quinolones block the rapid component of delayed rectifier potassium current (IK) in a dose dependent manner. This electrophysiological action translates into prolongation of the QT interval and may cause the development of torsade de pointes. QT prolongation appears to be a class issue with Ciprofloxacin as the safest base on available evidence [76] .
Cases of Ciprofloxacin induced QT prolongation and tosarde de pointes in human have been rarely reported. This shows that in human Ciprofloxacin may not be cardiotoxic.
Mechanism:
The mechanism of Ciprofloxacin induced cardiotoxicity is not well understood. Some authors said fluoroquinolones induced cardiotoxicity could be associated with blocking cardiac voltage-gated potassium channels particularly the rapid component (IKr) of the delayed rectifier potassium current. In vitro studies showed that fluoroquinolones block HERG (the human ether-ago-go-gene) responsible for the IKr and subsequently prolong QT and Torsade de pointes [77, 78] .
Drug interaction with inhibitors of Cytochrome P450 (CYP) mediated metabolism may be one of the underlying mechanisms. It has been shown that the higher the dose of fluoroquinolone and serum concentration the higher the QT prolongation risk and subsequently the risk of tosarde de pointes [79] .
Furthermore it has been reported that radical in position 5 of the fluoroquinolone ring is responsible for QTC prolongation. A proton (H) at this position has been reported to be associated with QT prolongation in Ciprofloxacin [80] .
This review shows that Ciprofloxacin may have cardiotoxic potential. Patients cardiac function status may be considered before Ciprofloxacin clinical use.
